• Falls are an indicator of frailty and poor health What This Article Tells Us That Is New • Observational study of more than 15,000 adults undergoing elective surgery found that 26% fell in the 6 months preceding surgery, and more than half of these falls caused injuries • Even after adjustment for known confounding factors, preoperative falls were associated with a two-fold increase in both preoperative functional dependence and poor physical quality of life ABSTRACT Background: no study has rigorously explored the characteristics of surgical patients with recent preoperative falls. Our objective was to describe the essential features of preoperative falls and determine whether they are associated with preoperative functional dependence and poor quality of life. Methods: This was an observational study involving 15,060 surveys from adult patients undergoing elective surgery. The surveys were collected between January 2014 and august 2015, with a response rate of 92%. Results: in the 6 months before surgery, 26% (99% ci, 25 to 27%) of patients fell at least once, and 12% (99% ci, 11 to 13%) fell at least twice. The proportion of patients who fell was highest among patients presenting for neurosurgery (41%; 99% ci, 36 to 45%). at least one fall-related injury occurred in 58% (99% ci, 56 to 60%) of those who fell. Falls were common in all age groups, but surprisingly, they did not increase monotonically with age. Middle-aged patients (45 to 64 yr) had the highest proportion of fallers (28%), recurrent fallers (13%), and severe fall-related injuries (27%) compared to younger (18 to 44 yr) and older (65+ yr) patients (P < 0.001 for each). a fall within 6 months was independently associated with preoperative functional dependence (odds ratio, 1.94; 99% ci, 1.68 to 2.24) and poor physical quality of life (odds ratio, 2.18; 99% ci, 1.88 to 2.52).
A ccidental falls are common, have serious mental, physical, and financial consequences, and are rising in incidence. [1] [2] [3] [4] [5] [6] [7] [8] [9] as a result, falls in the general community have been targeted as an area of urgent public health need. 10, 11 Presurgical patients are likely susceptible to falls due to their prevalent comorbid conditions. Falls in the preoperative period may be especially hazardous since falls render a person vulnerable to stress-related complications. 12, 13 indeed, several studies suggest that falls among preoperative patients are more common than falls in the general community, and such falls might herald poorer surgical outcomes. [13] [14] [15] [16] nevertheless, preoperative falls have not been rigorously studied.
Preoperative falls may reflect patient-centered metrics such as functional dependence and poor quality of life. There is a growing perception that patient-centered metrics are important, as reflected by increasing motivation to study them and incorporate them into healthcare performance evaluation. [17] [18] [19] current preoperative assessments rely entirely on disease-based measures, such as the american Society of anesthesiologists (aSa) physical status score and the charlson comorbidity index. 20, 21 including patient-centered metrics into preoperative assessments might be worthwhile, considering the importance of patient-reported outcomes. However, these evaluations can be lengthy and include delicate questions. [22] [23] [24] Research shows that falls in the general community are associated with patient-centered outcomes such as functional dependence and poor quality of life. [25] [26] [27] [28] [29] if preoperative falls were similarly indicative of these patient-centric health markers, independent of comorbidity burden, then a history of falls could enhance preoperative assessment.
We aimed to address these two knowledge gaps regarding preoperative falls. Specifically, the aims of this study were to (1) describe the proportion of patients who fell, factors associated with falls, and age distribution of those falling in the 6 months before elective surgery and (2) determine whether a history of preoperative falls is independently associated with preoperative functional dependence and poor quality of life. For the second aim, we hypothesized that falls would be independently associated with functional dependence and poor quality of life, even after controlling for comorbidity burden.
Materials and Methods
The protocol for this study was approved by the institutional Review Board at Washington University in St. louis, Missouri (Human Research Protection Office number 201408107). all participants provided written informed consent.
Study Population
This observational investigation was a substudy of the Systematic assessment and targeted improvement of Services Following Yearlong Surgical Outcomes Surveys (SatiSFY-SOS) study and was conducted in compliance with the Strengthening the Reporting of OBservational Studies in epidemiology (StROBe) guidelines. 30 SatiSFY-SOS (nct02032030) is a large, observational study that collects detailed perioperative data and data on patient-reported outcomes for adults undergoing elective surgery at Barnes Jewish Hospital in St. louis, Missouri. Over 70% of patients undergoing elective surgery are evaluated at the hospital's preoperative assessment clinic before surgery. Reasons for no assessment include urgent surgery, geographical limitations, or surgeon preference. approximately 60% of all eligible patients consent to participate in the study. nurses at the preoperative assessment clinic recruit patients to participate and obtain written consent. The most common reason for patients not participating is that they are not approached to participate. Other reasons for nonparticipation include patient refusal, lack of nurses' time or institutional review board training, or illiteracy in english. a study comparing participants to nonparticipants showed no major differences in characteristics. 31 approximately 92% of all consented patients completed a baseline survey. The main reason for lack of survey completion was insufficient time.
Measures
Following the recommendations of the Prevention of Falls network europe, a fall was defined in the surveys as "an unexpected event where you come to rest on the ground, floor, or lower level." 32 "Recurrent fallers" were patients who experienced two or more falls in 6 months. "Severe" fall-related injury was defined as seeking medical treatment, severe pain, head injury, fracture, or change from independent to assisted living. The 6-month time period was chosen because it balances capturing enough falls with limiting recall bias and it facilitates comparison with another study that used the same time period. 13, 33 The physical component score (PcS) and mental component score of quality of life were obtained using the Veterans Rand 12-item Health Survey. With a mean of 50, the Veterans Rand 12-item Health Survey scale is standardized to the general U.S. population. 22, 23 The baseline survey provided data on the history of falls, quality of life, and perceived health. nurses at the preoperative assessment clinic scored functional dependence using the Barthel index of activities of daily living. a score of 100 indicates functional independence. 24 incontinence and impaired mobility were obtained from the corresponding item on the Barthel index. neurologic disease was defined as stroke, hemiplegia, paraplegia, quadriplegia, Parkinson disease, or multiple sclerosis. Patients indicated their race during surgery registration using hospital-specified options. The clinic physician judged metabolic activity capability by asking the patient to describe his or her most strenuous physical activity. aSa physical status was extracted from operating room documentation. all data were extracted from the SatiSFY-SOS baseline health survey and from the electronic medical record (MetaVision, iMdsoft, USa).
Statistical Analysis all variable selection and analytical procedures used in this study were prespecified unless specifically labeled as "post hoc." Variables were selected a priori based on rigorous studies identified through comprehensive literature review. in the falls models, variables were included if they were both associated with falls in the general population and available for collection. The models of functional dependence and quality of life compared history of falls, aSa physical status, charlson index, and other factors that were both easily obtained and strongly associated with the outcome based on literature review. all dichotomous variables were coded "0" for lower risk of the outcome and "1" for higher risk.
This study's large dataset provided the opportunity to test interaction terms. Because including hundreds of interaction terms might result in type i error, we prespecified the 10 to 20% most clinically relevant interactions for the models of falls, functional dependence, and physical quality of life (24, 19 , and 11 interaction terms, respectively). interactions of particular interest for the functional dependence and quality of life models included falls and aSa and falls and charlson index. to determine which of these candidate interaction terms to include in the final model, stepwise selection with backward elimination was used. Significance to add was 0.05, and significance to remove was 0.01. interaction terms with a P value less than 0.05 were included in the final model.
Multivariable logistic regression was performed in all models using forced simultaneous entry of variables without variable removal. Outcome variables for the article's three main models included one or more falls within 6 months, Barthel Preoperative Falls index score less than 100, and PcS score less than 50. Of note, PcS was dichotomized due to its bimodal distribution. all models were checked for multicollinearity, influential cases, linearity of logit, and conformity to linear gradients. The only issue was conformity to linear gradients for charlson index, body mass index, and age in some of the models. to resolve this issue, categorization was performed where the nonlinear relationships could not be transformed. 34, 35 Because of the high ratio of events to variables, variable prespecification, and forced entry methods, overfitting was not considered to be a major concern. 36,37 nevertheless, we performed post hoc bootstrapping on each model with 100 replicates for internal validation. Small differences (less than 5%) between observed and corrected c-statistics suggest that overfitting is unlikely. 38 The modeling procedure excluded any patient who was missing one or more values, removing approximately 10% of the sample in each model. Multiple imputation was not performed since the variables with missing data were outcomes (history of falls, Barthel index, quality of life), missing less than 1% of the data (race, charlson comorbidity index, aSa physical status, physical activity level, perceived health status), or not missing at random (impaired mobility, incontinence). Post hoc sensitivity analyses were performed for each model, with "missing" coded as a separate category for any variable missing more than 0.5% of the data. Goodness-offit was assessed in the final models using the Hosmer-lemeshow test. This test was significant (P < 0.001) in the original PcS model. interaction terms between chronic pain and two variables (aSa and depression) were highly significant and resolved the overall lack of fit of the model. data analysis was performed using SaS/Stat® software, version 9.4 (SaS institute inc., USa). to calculate a crude estimate of the fall rate per 100 person-years as recommended by the Prevention of Falls network europe consensus group, an exponential decay curve was applied to the fall count data and extrapolated to six falls. 32 Parametric tests were performed for normally distributed data, while nonparametric tests were performed for nonnormally distributed data. all tests were two-sided. Because we conducted multiple statistical analyses, the threshold for significance was set to α less than 0.01. The threshold for clinical significance was defined a priori as a 20% difference in proportions or odds ratios (ORs). 39 
Results
Fallers and Fall-related Injuries a total of 15,060 baseline surveys were available between January 2014 and the time of data extraction in august 2015. as expected, fallers and nonfallers differed for the majority of the characteristics studied (table 1). table 2 shows how many times patients fell, the falls according to the type of surgery, and the fall-related injuries sustained. in the 6 months before surgery, 26% (99% ci, 25 to 27%) of patients had fallen at least once and 12% (99% ci, 11 to 13%) had fallen at least twice. Overall, the fall rate was 93 per 100 person-years. neurosurgical patients had the (table a3) . Post hoc sensitivity analyses using individual comorbidities from the charlson index showed that the association between the history of falls and patient-centered metrics was robust (tables a4 and a5). The association between the patient-centered metrics and falls did not vary by aSa physical status or charlson comorbidity index, as shown by the nonsignificant interaction terms (P = 0.42, P = 0.06, P = 0.28, and P = 0.16, respectively). Bootstrapping showed that the differences between the observed and corrected c-statistics were very small for the main models of falls, functional dependence, and quality of life (0.0042, 0.0029, and 0.0016, respectively). The differences for the age-stratified exploratory models were also small (0.0196, 0.0066, and 0.0120). in addition, post hoc sensitivity analyses of missing data did not change OR significances or produce major changes in OR magnitudes. Further characterization of missing data is provided in table a6 of the appendix. Finally, the Hosmer-lemeshow test did not identify any problems with model fit (P = 0.12, P = 0.76, P = 0.29, P = 0.16, P = 0.09, and P = 0.39, respectively).
Discussion
This study is the first to characterize preoperative falls in a large population of patients presenting for a broad range of seek medical treatment. Other studies report an even higher proportion (approximately 35%) of preoperative falls in the same time period. [13] [14] [15] [16] This higher proportion in those studies is likely attributable to the inclusion of higher risk surgical populations: patients over age 65 at a Veterans affairs hospital 13 and patients presenting for ophthalmologic 14 and orthopedic surgery. 15, 16 Most established fall risk factors were also associated with preoperative falls in the current cohort. However, disease burden, as measured by aSa physical status and charlson comorbidity index, was not associated with preoperative falls. current malignancy was associated with fewer falls in our sample, which also departs from existing literature. 42, 43 Perhaps cancer patients undergoing surgery are those who are judged healthier and able to withstand the stress of surgery. alternatively, this could be a spurious result due to testing numerous hypotheses in a large dataset. a few interaction terms were significant, suggesting that interactions are probably important to explore despite their current underrepresentation in the literature on falls.
This study is one of few to describe falls in middle age and appears to be the first to report the distribution of falls 
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in patients younger than 45 yr. The youngest patients (aged 18 to 24) had one of the highest proportions of fallers, perhaps from the corresponding peak in recreational risk-taking that occurs in this age group. 44 additionally, the middle-age group (45 to 64 yr) had the highest proportion of fallers, recurrent fallers, and fall-related injuries among fallers. We found these results surprising given the common conception that falls increase monotonically with age. 25, [45] [46] [47] [48] However, several studies support the higher proportion of fallers, recurrent fallers, and fall-related injuries in middle age. 25, [48] [49] [50] [51] [52] This peak in middle age might reflect a lag between the onset of physical decline and the development of caution. Post hoc models showed that each age group had distinct factors associated with falls. Only two variables were significantly associated with falls in the model of patients younger than 45. it is possible that these falls are difficult to predict or that risk factors selected from studies on the elderly are not prognostic in younger people. Factors specifically associated with young-age and middle-age falls have never been studied previously and merit further exploration. Previous literature shows that falls in the general community are related to lower function and quality of life, but no study has examined this relationship in surgical patients. [25] [26] [27] [28] [29] On a crude basis, the number of preoperative falls exhibited a stronger dose-response relationship with both measures than an index that incorporates the number of falls with fall injuries. 53 after controlling for several prespecified confounders, a history of falls was associated with reduced preoperative function and quality of life. in addition, comorbidity was not related to preoperative falls. together, these findings suggest that a history of preoperative falls contains health-related information independent of certain commonly assessed comorbidities. a history of falls is also simple to assess. it may therefore serve as a complementary and convenient measure of preoperative health status.
Strengths of this study include its large sample and its focus on falls in presurgical patients, the age distribution of falls, and the relationship between preoperative falls and patient-centered metrics. There are also important limitations. First, we study a single population at a tertiary referral center, so our results cannot be generalized to all surgical populations and should be repeated in other populations. in addition, patients who attend the preoperative assessment clinic may be sicker or otherwise unrepresentative of other patients receiving surgery, while patients who consent to SatiSFY-SOS may be a nonrandom sample as well. These factors could introduce selection bias and reduce generalizability. However, sampling for nonresponse bias showed that patients who consent do not differ in clinically important regards from those who do not consent, including both demographic (age, race, and gender) and comorbidity (aSa and charlson) variables. 54 another limitation was the missing data. Patients missing survey questions were sicker than patients without missing data, while patients missing Barthel index data were healthier. These findings indicate potential bias. Fortunately, the excluded sample was not large (10%), and the falls and quality of life outcome variables did not differ significantly between groups.
Validity of the data should also be considered. it is possible that variables collected from the review of systems and medical history portions of the patient's preoperative history and physical were not thorough or accurate. However, inspection of patients who had multiple independent encounters showed that these data were consistent across visits. error in recall is also a problem with survey questions, especially in older age, with a bias towards forgetting falls. 33 nevertheless, studies where the method did not depend on longterm recall show a comparable age distribution of falls. 2, 49 The implications of more recent versus less recent falls could not be explored since we did not collect that information. Finally, the use of multiple comparisons is another potential limitation. However, all investigations were prespecified, and a significance cutoff of less than 0.01 (with 99% cis) was set to decrease bias and type i error.
Falls are probably common and might often be injurious in the preoperative population, with risk factors similar to those already identified in the general population. This study challenges the existing belief that falls increase monotonically 
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with age and invites investigation of falls in middle-age and younger-age groups. Finally, falls may serve as a convenient and complementary tool for assessing a patient's preoperative health. a logical next step is to determine whether a history of falls can predict postoperative outcomes. 

